Recently, we have developed two efficient methods for producing various optically active (S)-1,2-diols having high optical purities. One is the organic synthetic method using the Grignard reaction starting from (R)-3-ch\oro-l ,2-propanediol.16) (7?)-3-Chloro-l ,2-propane-1819 diol as a starting material can be produced easily from the racemate by microbial optical resolution using Serratia marcescens.17) The other is the microbial stereoinversion method using the racemate as a substrate. In the course of the studies on the microbial optical resolution of racemic 1 ,2-pentanediol, we found a very unusual microbial reaction. In all enzymatic or chemical optical resolution processes, the maximal obtainable yield of one pure enantiomer is 50%. However, (£)-1,2-pentanediol with high optical purity was found over the theoretical yield in the reaction mixture whenthe racemate was incubated with the culture broth of Lodderomyces elongisporus IFO 1676. This result indicated that this microorganism could invert (R)-1,2-pentanediol in the racemate to the (S)-enantiomer. We tried to apply this microbial stereoinversion to the production of various optically active 1 ,2-diols.
It was confirmed that eight (5)-1,2-diols (2) (3) (4) (5) (6) (7) (8) (9) and (^)-3-methylthio-l,2-propanediol (10) having high optical purities could be Scheme I. obtained in high yields by this method using C.
parapsilosis.
In this paper, we report the screening for microorganisms having the ability to invert (i?)-l,2-pentanediol to the (S)-enantiomer and the application of this microbial stereoinversion to the production of various optically active 1,2-diols.
Materials and Methods
Chemicals. Racemic 1,2-heptanediol (4), 4-methyl-1,2-pentanediol (6), 3-phenyl-l,2-propanediol (8), and 4-phenyl-l,2-butanediol (9) were prepared from the corresponding 1-alkenes by a method similar to that of K. Preparation of cell-free extract and enzymeassay The cells of C. parapsilosis IFO 0708, which were grown for 24hr under the conditions described above, were collected and washed with 10mMTris-HCl buffer (pH 7.0). Thirty three grams of washedcells were suspended in 40ml of 10mM Tris-HCl buffer (pH 7.0) containing 1 mM EDTAand 0.2 mMphenylmethylsulfonylfluoride as a protease inhibitor, and disrupted with a Braun homogenizer.
The cell debris was removed by centrifugation (15, 000 rpm x 30min), and the supernatant was passed through a Millipore filter (0.22^m) and dialyzed against 10mM
Tris-HCl buffer (pH 7.0) overnight. The cell-free extract was used for assay of the enzyme activities. The enzyme activities for (R) and (S)-1,2-pentanediol oxidations were assayed by measuring the increase of absorbances at 340nm caused by the reduction ofNAD+or NADP+, respectively. The assay system in a final volume of 3.0ml contained 3.0/miol ofNAD(P)+, 0.3mmol of (S) or (R)-1,2-pentanediol, 0.3mmol of sodium carbonate buffer (pH 10), and a suitable amount of the cell-free extract. Incubation was done at 25°C in a cuvette of 1-cm light path length. On the other hand, the reduction of 1-hydroxy-2-pentanone was monitored by measuring the decrease ofabsorbance at 340nmcaused by the oxidation of NADH or NADPH. The assay system in a final volume of 3.0ml contained 1.0/miol of NAD(P)H, OJmmol of 1-hydroxy-2-pentanone, 0.3 mmolof Tris-maleate buffer (pH 6.0), and a suitable amount of the cell-free extract. The incubation was done under the same conditions as for oxidation of 1 ,2-pentanediol.
Preparative scale reaction and isolation of optically active 1,2-diols. C. parapsilosis IFO 0708 was cultured in a 5-1 jar fermentor containing 3 1 of medium A at 30°C for 23hr (aeration 0.5 vvm, agitation 450 rpm, inoculum size 1.6%).
Then racemic 1,2-diol (9-30g) was added to the culture broth. During the reaction, the pH of the reaction mixture was kept at 6.5 with 4n NaOH, and 30g of glucose was added once a day. After the reaction, cells were removed by centrifugation and the supernatant solution was concentrated to about 150ml under reduced pressure. 1,2-Diols were extracted with 500ml of ethyl acetate three times. The solvent was removed by evaporation and 1,2-diols were purified by distillation or silica gel column chromatography (Wako gel G-200, solvent: hexane/ethyl acetate).
Analytical methods. 1,2-diols were assayed by gas liquid chromatography (GLC) using a Hitachi 163 gas chromatograph with a hydrogen flame ionization detector. Two types of liquid phases were used. The glass column (0.3x100cm) packed with Silicone OV-17 on
Chromosorb WAWDMCS(Gasukuro Kogyo Inc.) was used to assay 7, 8, and 9. The nitrogen gas flow was 20 ml/min and column temperature was 220°C. The other glass column (0.3x100cm) packed with FAL-M 6%/TENAX GC (Wako Pure Chemical Ind., Ltd.) was used to assay the other 1,2-diols and l-hydroxy-2-ketones. The nitrogen gas flow was 35ml/min and the column a Only this compound was directly analyzed without 1 -tosylation. b Daicel Chiral Cel (</> 0.46x25cm). c Twocolumnswere connected and used. d The ratio of n-hexane: 2-propanol. 1821 temperature was 175°C. The samples for GLCanalyses were prepared as follows: two ml of the reaction mixture was saturated with ammoniumsulfate and 1,2-diol was extracted with 4ml of ethyl acetate and the organic layer was used for GLC. The enantiomeric excess (e.e) of 1 ,2-diols were estimated by HPLCanalysis of the corresponding 1-tosylated derivatives except for l-phenyl-l,2-ethanediol. Preparation and purification of 1-tosylated derivatives were done by the procedures reported.5 19) The columns and the other conditions used are shown in Table I . NMRand mass spectra were recorded on a Varian EM-90 spectrometer and a Shimadzu QP-1000 GC-Mass spectrometer, respectively. Optical rotation was measured with a Horiba polarimeter SEPA-200. Melting points were taken on a Buchi melting point apparatus and wereuncorrected.
Results and Discussion
Screening of microorganisms producing {S)-l ,2-pentanediol by stereoinversion
At the start of this study, we had planned the production of (S)-1,2-diols from racemates by stereoselective degradation using a microorganism. Wescreened for suitable microorganisms for this purpose from the type culture collection in our laboratory and found that many microorganisms degraded (R)-l,2-pentanediol more easily than the (S)-enantiomer. Lodderomyces elongisporus IFO 1676 was selected amongthem and used for large-scale preparation of (S)-l ,2-pentanediol.
In this experiment, we found that the optical purity of residual (S)-l, were added to 2.5 1 of the above culture broth in a 5-1 jar fermentor, and the pH of the reaction mixture was adjusted to 6.5 with 4n NaOH.The reaction was done for 26hr under the same conditions with cultivation. Figure 1 shows the course of the reaction. Recemic 1,2-pentanediol was converted to (S)-l,2-pentanediol in 93% yield after incubation for 24hr. It was noteworthy that l-hydroxy-2-pentanone was detected in the reaction mixture. After the reaction, the cells were removed by centrifugation and the supernatant was concentrated to 375ml under reduced pressure. (S)-1,2-Pentanediol was extracted three times with 750ml of ethyl acetate. The solvent was evaporated off and 66g of yellowish oil was obtained.
(S)-1,2-Pentanediol was purified by distillation (76-77°C (3 mmHg)) and 60g of (S)-1,2-pentanediol was obtained (yield 80% (C2H5O2 +). ketones and that the (^)-forms of 1,2-diols were obtained from the corresponding 1-hydroxy-2-ketones by reduction using the enzyme. On the other hand, the culture broth of C. parapsilosis IFO 0708 converted 1-hydroxy-2-pentanone to (S>l,2-pentanediol. All microorganisms listed in Table II showed the same stereospecificity with C. parapsilosis IF( 0708 on the reduction of 1-hydroxy-2-per tanone (data were not shown). Next, we studied the mechanismby experi ments using the cell free extract. Usuall) alcohol dehydrogenase requires NAD+ o NADP+ as a coenzyme to catalyze the oxida tion of alcohols. As a first experiment, we ir vestigated what kind of coenzyme was need ed for the oxidoreduction between (R)/(S] 1 ,2-pentanediol and l -hydroxy-2-pentanone ii C. parapsilosis. As shown in Table III , bot] NADH and NADPH served as a coenzyme t< reduce l-hydroxy-2-pentanone to 1 ,2-pentam diol by the cell-free extract. In the revers reaction, NAD+played the role of coenzym in the oxidation of (^)-l,2-pentanediol onl> and the progress of the oxidations of (R) an< (5)-l,2-pentanediol using NADP+ as a coen zyme were very slow. This NAD+-linked (R) specific 1,2-pentanediol dehydrogenase re sembles the glycerol dehydrogenase isolate< from Cellulomonas sp.5 '20) NADPH, 0.24mmol l-hydroxy-2-pentanom and the cell-free extract (2ml). The reactioi was done for 16hr at 25°C. The configuratioi of 1,2-pentanediol produced under the abovi conditions was the (S)-form and its optica purity was very high (Table IV) . The activitie of NAD+-linked and NADP+-linked 1,2-pen tanediol dehydrogenases at various pHs an shown in Fig. 3 . Oxidoreduction between (R) 1,2-pentanediol and 1-hydroxy-2-pentanom The basic compositions of the reaction mixtures were described in Materials and Methods, and the following buffers were used to keep the various pHs. pH 4.0-5.5 acetate buffer, pH 5.5-6.5 Tris-maleate buffer, pH 6.5-7.5 phosphate buffer, pH 7.5-9. by NAD+-linked dehydrogenase is reversible, but reduction of l-hydroxy-2-pentanone to (S)-l,2-pentanediol is practically a one-way reaction. From these observations, the mechanism of the stereoinversion of 1,2-diol in C.
parapsilosis may be explained as follows. Only (7?)-l ,2-pentanediol in the racemate is oxidized to l-hydroxy-2-pentanone by NAD+-linked Scheme II. In this study, we present a novel method for the production of optically active compounds. To the best of our knowledge, this is the easiest procedure for producing optically active 1,2-diols among the methods reported.
